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Abstract 
The analysis of dynamic textures is an extremely important problem in the field of computer image processing and 
computer vision. Firstly, the paper briefly reviewed the dynamic textures and the analysis method. The fire in the large place 
is complex and difficult to be detected. In this paper, the fire detecting method adapting dynamic textures in large place is 
adopted to monitor the fire in the large place on real-time. The model of doing dynamic textures of the fire image using 
optical flow is built and simulated. In this paper, four types fire images were analyzed with dynamic textures. And the 
criterion of detecting fire with dynamic textures was established. 
© 2012 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
Large space building is the building that has large One-story building area, large span and high floor height. The large 
space building is not include or lack of  walls, such as warehouses, sports venues, theatre, Exhibition hall, and so on. These 
buildings include much of combustible material and their inner channels are vastly complicated. Because the large space 
building’s area is large, the heat fire detectors and the smoke fire detectors detect on a bit of a lag, against the early fire 
detection. Now the aspirating smoke detectors and the video fire detectors are installed in the large space building typically 
to detect the fire. But the function of aspirating smoke detectors is influenced by the pipeline. The long pipeline will reduce 
the detector’s sensitivity. Be Installed conveniently the video fire detectors with high sensitivity benefit the early fire 
detection. 
Dynamic textures are sequences of images of moving scenes that exhibit certain stationarity properties in time. These 
include sea-waves, smoke, fire, foliage etc. [1] 
Four types of test fire videos are captured in this paper. And with the Optical flow method based on color separations the 
four types of test fire images’ dynamic textures are analyzed to summarize the features of the fire images, so the criterion of 
detecting fire with dynamic textures was established. 
2. Optical flow method 
Optical flow is the velocity of pixel motion object projecting in the image plane. It is a technique used to describe image 
motion. The research of optical flow is to determine each pixel’s motion by researching the pixels intensity change with 
time. It is usually applied to a series of images that have a small time step between them, for example, video frames. Optical 
flow calculates a velocity for points within the images, and provides an estimation of where points could be in the next 
image sequence. 
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The general principles of optical flow method are that each pixel of the image given a velocity vector, these velocity 
vectors form a image motion field, each point of the field is associated with the point of the 3D object by the transformation 
relation of projection, and based on the Characteristics of velocity vectors the image is dynamic analyzed. If without moving 
objects in the image, the optical flows are continuously changing; when having moving objects in the image, there is 
relative motion between the moving object and the background image, the moving object’s velocity vector is different form 
the near background  pixel’s, thus the moving object’s position can be detected. 
The Horn-Schunck algorithm assumes smoothness in the flow over the whole image creatively associates the velocity 
field with the gray, introduces optical flow restrained equation. The algorithm can be described as: 
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The u(n) is the optical flow of n iterations in the x direction; the v(n) is the optical flow of n iterations in the y direction; the 
Ix is the gradient of the image’s gray in the x direction; the Iy is the gradient of the image’s gray in the y direction; the It is 
the rate of image gray against time; the  is the smoothness parameter. 
3. Optical flow method based on RGB color separations 
The RGB color model is an additive color model in which red, green, and blue light is added together in various ways to 
reproduce a broad array of colors. The color model is the industry color standard. As one of the most widely used color 
system, it almost involves all the colors perceived by human vision.  
In order to eliminate the impact of ambient light to optical flow calculation, the N.Ohta advance a calculating model 
based on gray color constant. The model assumes that the color image is composed of the three separate RGB gray images. 
Calculating the optical flow of each point in the three separate RGB gray images can be described as follows [2]: 
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In white light exposure, the each optical flow of the RGB components keeps unchanged. So the optical flow method 
based on RGB color separations can eliminate the effect of ambient light to optical flow calculation. For ease of calculation, 
the RGB components are normalized as follows: 
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The formula (4) substituting into formula (3) can get an equation, as follows: 
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The equation (5) can be solved by the formula (6), as follows: 
bAAAU TT 1)(
In the formula (6), the U, A, b can be calculated, as follows: 
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4. Testing and result analysis 
4.1. Summarize 
In this paper, the flaming plastics (polyurethane) fire video, the flaming liquid (n-heptane) fire video, the smoldering 
(pyrolysis) wood fire video and the smoldering Cotton fire video are captured. And these images are analyzed with the 
optical flow method based on RGB color separations. The optical flows of the 4 types of fire are calculated to research the 
patterns of optical flow in the combustion process. 
4.2. The flaming plastics (polyurethane) fire 
Fig. 1 two pictures of the polyurethane fire before burning 
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Fig. 2 two pictures of the polyurethane fire in the initial stage of combustion 
As shown in the fig.1 and fig.2, before and after the polyurethane combustion the image characters are obvious. During 
the burning, the brightness of the flame increase with the burn area gradually expanded gradually. Analyzing the fig.1 and 
the fig.2, the optical flows of before and after the polyurethane combustion are calculated (see table1). The changes of the 
optical flows are very obvious. Therefore, detecting the flaming plastics (polyurethane) fire with optical flow is effective. 
Table 1. The optical flow of polyurethane combustion 
optical flow  Before combustion After combustion 
X-Direction 0.1530 0.6216 
Y-Direction 0.1631 0.6897 
 
 
Fig.3 The trend of optical flow during the polyurethane combustion 
As shown in the fig.3, before the polyurethane combustion the optical flows in the pictures are small and change between 
0.10 and 0.21, but after combustion the optical flow change bigger the value vary between 0.52 and 0.68. 
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4.3. The flaming liquid (n-heptane) fire 
Fig. 4 two pictures of the n-heptane fire before burning 
Fig. 5 two pictures of the n-heptane fire in the initial stage of combustion 
As shown in the fig.4 and fig.5, before and after the n-heptane combustion the image characters are obvious. During the 
burning, the brightness of the flame increase with the burn area gradually expanded quickly. Analyzing the fig.4 and the 
fig.5, the optical flows of before and after the polyurethane combustion are calculated (see table2). The changes of the 
optical flows are very obvious. Therefore, detecting the flaming liquid (n-heptane) fire with optical flow is effective. 
Table 2. The optical flow of n-heptane combustion 
optical flow  Before combustion After combustion 
X-Direction 0.1684 3.7914 
Y-Direction 0.1742 3.9856 
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Fig.6 The trend of optical flow during the n-heptane combustion 
As shown in the fig.6, before the n-heptane combustion the optical flows in the pictures are small and change between 
0.12 and 0.21, but after combustion the optical flow change bigger the value vary between 3.79 and 4.73. 
4.4. The  smoldering (pyrolysis) wood fire 
Fig. 7 two pictures of the wood fire before burning 
192   Li Xiao-bai et al. /  Procedia Engineering  52 ( 2013 )  186 – 195 
 
Fig. 8 two pictures of the wood fire in the initial stage of combustion 
Fig. 9 two pictures of the wood fire in the middle stage of combustion 
As shown in the fig.7, fig.8 and fig.9, in the initial stage of combustion, the wood doesn’t give the fire and only generates 
a small bit of smoke. There is almost no difference between the fig.7 and the fig.8. In the middle stage of combustion the 
image character also isn’t obvious. Analyzing the fig.7, the fig.8 and the fig.9, the optical flows of before and after the 
polyurethane combustion are calculated (see table3). The changes of the optical flows between the stage of no combustion 
and the initial stage of combustion are not significant. But the optical flow increase with the combustion, in the middle stage 
of combustion, the optical flow increases to more than 0.5.Therefore, in the middle stage detecting the smoldering 
(pyrolysis) wood fire with optical flow is effective. 
Table 3. The optical flow of wood combustion 
optical flow  Before combustion the initial stage of 
combustion 
The middle stage 
of combustion 
X-Direction 0.1944 0.3088 0.5412 
Y-Direction 0.2035 0.3266 0.5487 
 
 
Fig.10 The trend of optical flow during the wood combustion 
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As shown in the fig.10, before the wood combustion the optical flows in the pictures are small and change between 0.19 
and 0.21, but with the combustion the optical flow increase gradually, in the middle stage of combustion, the optical flow 
reaches to about 0.5 which is greater than the optical flow in the initial stage of combustion. 
4.5. The smoldering Cotton fire 
Fig. 11 two pictures of the cotton fire before burning 
Fig. 12 two pictures of the cotton fire in the initial stage of combustion 
Fig. 13 two pictures of the cotton fire in the middle stage of combustion 
As shown in the fig.10, fig.11 and fig.12, with the wood combustion similar in the initial stage of combustion, the wood 
doesn’t give the fire and only generates a small bit of smoke. There is almost no difference between the fig.7 and the fig.8. 
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In the middle stage of combustion the cotton send out light and the amount of smoke increase obvious. Analyzing the fig.10, 
the fig.11 and the fig.12, the optical flows of before and after the polyurethane combustion are calculated (see table4). The 
change of the optical flows of cotton is more obvious than the wood’s in the initial stage of combustion. As shown in the 
fig.13 in the middle stage of combustion the optical flow increases to about 0.83. 
Table 4. The optical flow of cotton combustion 
optical flow  Before combustion the initial stage of 
combustion 
The middle stage 
of combustion 
X-Direction 0.2212 0.5145 0.8354 
Y-Direction 0.2035 0.5051 0.8315 
 
 
Fig.14 The trend of optical flow during the cotton combustion 
4.6. The criterion of 4 types of fire 
The optical flow can be the criterion of fire. But detecting fire with the optical flow method needs that the background 
images must be relatively static, when a moving object appears in the image, it is prone to miscarriage. 
5. Conclusion 
In this paper, calculated the optical flows with RGB color separations method 4 types of fire are analyzed based on 
dynamic textures. For the flaming plastics (polyurethane) fire and the flaming liquid (n-heptane) fire, before burning the 
optical flow of polyurethane change from 0.10 to 0.18; the optical flow of n-heptane change from 0.12 to 0.21. And in the 
middle stage of combustion the optical flow of polyurethane increase to 0.52 0.68; the optical flow of n-heptane increase 
to 3.79 4.73.The changes before and after combustion are obvious. For the smoldering (pyrolysis) wood fire and the 
smoldering Cotton fire,  before the combustion the optical flows are small, in the middle of combustion, the optical flow of 
wood will increase to about 0.54 and the optical flow of cotton will increase to about 0.83. 
The Experimental results shows that dynamic texture analysis of fire with the Optical flow method based on RGB color 
separations can detect the fire effectively. 
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